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DEPARTMENT OF THE ARMY

NEW ENGLAND DIVISION, CORPS OF ENGINEERS
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02254

REPLY TO
ATTENTION OF:

Nov 1
NEDED-E 4 1920

Honorable Edward J. King
Governor of the Commonwealth of
Massachusetts

State House

Boston, Massachusetts

Dear Governor King:

Inclosed is a copy of the Lynde Brook Reservoir Dam (MA-00990-Dam) and
(MA-01290-East Dike) Phase I Inspection Report, which was prepared
under the National Program for Inspection of Non-Federal Dams. The
report is based upon a visual inspection, a review of past
performance, and a preliminary hydrological analysis. A brief
assessment 18 included at the beginning of the report.

. The preliminary hydrologic analysis has indicated that the spillway

A capacity for the Lynde Brook Reservoir Dam and East Dike would likely

S be exceeded by floods greater than 13 percent of the Probable Maximum
Flood (PMF), the ‘test flood for spillway adequacy. Our screening

% criteria specifies that a dam of this class which does not have

’ sufficient spillway capacity to discharge fifty percent of the PMF,

m should be adjudged as having a seriously inadequate spillway and the

dam assessed as unsafe, non-emergency, until more detailed studies

prove otherwise or corrective measures are completed.

The term "unsafe” applied to a dam because of an inadequate spillway
does not indicate the same degree of emergency as that term would {if
applied because of structural deficiency. It does indicate, however,
that a severe storm may cause overtopping and possible faillure of the
dam, with significant damage and potential loss of life downstream.

It {8 recommended that within twelve months from the date of this
report the owner of the dam engage the services of a professional or
consulting engineer to determine by more sophisticated methods and
procedures the magnitude of the spillway deficiency. Based on this
determination, appropriate remedial mitigating measures should be
designed and completed within 24 months of this date of notification.
In the interim a detailed emergency operation plan and warning system
should be promptly developed. During periods of unusually heavy
precipitation, round-the-clock surveillance should be provided.
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NEDED-E
Honorable Edward J. King

I have approved the report and support the findings and recommenda-
tions described in Section 7, with qualiffcations as noted above. 1
request that you keep me informed of the actions taken to implement
these recommendations since this follow-up is an important part of the
non-Federal Dam Inspection Program.

A copy of this report has been forwarded to the Department of Environ-
mental Quality Engineering, the cooperating agency for the Common-
wealth of Massachusetts. This report has also been furnished to the
owner of the project, City of Worcester, Mass.

Copies of this report will be made available to the public, upon
request to this office, under the Freedom of Information Act, thirty
days from the date of this letter.

I wish to take this opportunity to thank you and the Department of
Environmental Quality Engineering for the cooperation extended in
carrying out this program.

Sincerely,

WILLIAM £. HODGSON, o
Colone), Corps of Engineers
Acting Division Engineer
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~ NATIONAL DAM INSPECTION PROGRAM
.- PHASE I INSPECTION REPORT
Identification No.: MA 00990
Name of Dam: Lynde Brook Reservoir Dam
Town: Leicester
County and State: Worcester County, Massachusetts
Stream: Lynde Brook
- Date of Inspection: 16 April 1980

BRIEF ASSESSMENT

Lvnde 3rook Reservoir Dam, comnstructed in 1876, is an earth embankment about 58
ft. high, 500 ft. long and has a masonry core wall. The left abutment of the dam

— appears to be a manmade promontory. This promontorv also serves as the right

: abutment of a 1,050 ft. long, 14.5 ft. high dike located east of the dam. The
dike also has a masonry core wall. The upstream slopes of both embankments are
random rock riprap. The crest and downstream slopes are grass covered. There are
two outlet facilities for the reservoir; a submerged intake tower at the dam and

i a gate house at the dike. The reservoir can be drawn down bv means of a 24 in.
dia. blowoff pipe at the main dam.

The reservoir is about 4,700 ft. long and the surface area of the pond at spillway
crest is about 12% acres. The drainage area above the dam is about 2.80 sq. mi.
(1,795 acres), the maximum storage to top of dam is about 2,737 acre-ft., and the
n height of the dam is about 58 ft. Based on height and storage, the size classifi-
catlon is intermediate. A breach of the dam would damage 21 homes, seven commer-
cial establishments, three mill complexes, a state route, several other roadways
and potentially cause the loss of more than a few lives. Therefore, the dam has
been classified as having a high hazard potential. Based upon the guidelines, the
recommended test flood is a full PMF (4,970 cfs). ’

The routed test flood outflow (4,350 cfs) would overtop the dam bv about 1 ft. The
spillway can pass about 560 cfs or about 13 percent of the routed test flsod outflow
without overtopping thne dam.

The dam is judged to be in generally good condition structurally, however the over-
— all rating must be fair due to spillway inadequacy. There is minor seepage at two
locations along the downstream toe. The dike is also judged to be in good condition.
There was no evidence of seepage along the downstream slope of the dike. Both the
dam and dike, as well as the outlet facilities, are kept in good working condition.

Wdithin one year after receipt of this Phase I Inspection Report, the owner, the City
of Worcester, should retain the services of a registered professional engineer and
impiement the results of his evaluation of the following: (1) a detailed hydro-
logic-hydraulic investigation to assess further the potential for overtopping and
the adequacy of the spillwav; (2) a yearly evaluation of the seepage at the down-
steam toe of the dam; (3) investigate possible relocation of gate controls to up-
stream side of embankment; and, (4) whether spillway discharge channel modifica-
tions are required to forestall possible overtopping of the walls.
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The -~wner should also implement the following operating and maintenance measures:
(1) develop a formal surveillance and downstream emergency warning olan including
round-the-clock monitoring during periods of heavy precipitation; (2) institute
procedures for an annual technical inspection of the dam and its appurtenant
structures, including the minor seepage; and, (3) prepare a copy of the dam out-
let control plan.

Peter B. Dvson
Projéct Manager
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PREFACE

This report is prepared under guidance contained in the Recommended Guidelines
for Safety Inspection of Dams, for Phase I Investigations. Copies of these
guidelines may be obtained from the Office of Chief of Engineers, Washington,
D.C. 20314. The purpose of a Phase I Investigation is to identify expeditiously

) those dams which may pose hazards to human life or property. The assessment of
the general condition of the dam is based upon available data and visual iaspec-
tions. Detailed investigation, and analyses involving topographic mapping, sub-
surface investigations, testing, and detailed computational evaluations are be-

- vond the scope of a Phase I investigation; however, the investigation is intended
to identify any need for such studies.

In reviewing this report, it should be realized that the reported condition of
the dam is based on observations of field conditions at the time of inspection
along with data available to the inspection team. In cases where the reservoir
was lowered or drained prior to inspection, such action, while improving the
stability and safety of the dam, removes the normal load on the structure and
nmay obscure certain conditions which might otherwise be detectable if inspected
under the normal operating environment of the structure.

It is important to note that the condition of a dam depends on numerous and con-
stantly changling internal and external conditions, and is evolutiocrary in nature.
li It would be incorrect to assume that the present condition of the dam will con-
- tinue to represent the condition of the dam at some point in the future. Only
through continued care and inspection can there be any chance that unsafe con-
ditions be detected.

Phase I inspections are not intended. to provide detailed hydrologic and hydraulic
. analvses. In accordance with the established Guidelines, the Spillway Test Flood

is based on the estimated "Probable Maximum Flood" for the region (gzreatest
reasonably possible storm runoff), or fractions thereof. Because of the magni-
tude and rarity of such a storm event, a finding that a spillway will not pass
the test flood should not be interpreted as necessarily posing a highly inade-
quate condition. The test flood provides a measure of relative spillway capa-
city and serves as an alde in determining the need for more detailed hydrologic
and hydraulic studies, considering the size of the dam, its general ccrndition
and the downstream damage potential.

The Phase 1 Investigation does not include an assessment of the need for fences,
gates, no-trespassing signs, repairs to existing fences and railings and other
fitems which may be needed to minimize trespass and provide greater security for
the facility and safety to the public. An evaluation of the project for com-
pliance with OSFA rules and regulations is also excluded.
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SESTION 3 o~ ZVALUATION 27 HYCRAULIC /HYDROLOGIC FEATURES
roh embankments im nornal
an additional 337 scre-to. of cagacity
It is basically a2 hizh storage - low
coses, The spillwav is capable of Iis-
SR o the top oL dam. The zeneral topo-
1Tl . (1,795 acre) drainage basin 15 2est
13 Irom elavation 324,70 at spillwaw crest
o Ne drainage area is mederatelw oopulaced
s ies the middle of the aresz. Soutiwick Pond
. he drainaze ar2a. Trom fhe allacent westerly
SR Zroek Reservolr from Xertla Brooxk Reservelr
. ox Reserveir so. Lo drainaze
23 Ilow computations.
S.. Tesian Data
o nmwdrolozic computation or nvdraulic data has been recovered for the dam.
3.3 ZIxperiance la:za
The onlv records availadle in regard to past operation of the reservoir are
. = Ny Iy

5T water levels. These records zre <ept in the Worcester Citv Hail., It was
rzoorsed v othe aperator of the dam that the dam has never been overtopped.

raphs 2 and 4, Lynde 3rock Reservoir Dam is classi-
a3 3 hizgh nazard ootential.  The recommended test
2% such a Zam is a full PME,

rom Hvdrometsrciogical Report No. 33, which for
in. 27 4 hour maximum rainfall over a 10 square
reduced 37 20 percent to aillcw for pasin size,
al 7.4 in.was deducted for infilcration losses.
ted ifant2 ne hour incrementa: periods as
5iizasicn ZC 0 Lll0-2-1211,
Tolanznlar nizzrash was 1ssuned “or the inflow hvdrograzh using a
Tmounat Lz R heurs oo lerive o rima-to-neak for the criangular
i o~ Waurs csee Computatisns o Sheets D-5 and D-7, Apnendix DY,
e i3 s fheer 3-R, Appendix D, indicating a reak
SR Sroanout oy A osalue 27 1,77
LA . o bl N e T : I ; e o







Thaese three outlet pines are carried uznder the dam via a stone box culvert and
emerze iaro a zate house located at the Jdownstream toe of the dam. In the drigk
sate nhouse thera are manual zate valves and stems for controlling cutflows. The
Eignt and center cutlac pipes provide water for the municipal water supply system
and cannmot be used for reservoir drawdown. A Srichk chlorination house is loecated
about 75> ‘t. Jdownstream of the gate house. From here chlorine is added to the
nunicinal water swstam. The 127t sutlat pise serves as the hlowoif or mud sire and
ouctless tarough 2 rubble masonry headwall adout 220 fr. downstream of the 2ale ncuse.
All three ouclet pines are reserted na be in zood working conditien fse2s Lodar b
Photo Nes. L1, 1304 14,

-

A zate house 13 located about 130 ft. zht of the lefr sbutment oI the aas
and is accessed by an approximately 353 ft. long catwalk from the crest of t
There 1is only one cutlet pipe from the granite ashlar masonry gate house on the dike.
This 30 in. dia. pipe is controlled by a slide gate in the gate house and flows into
the municipal water supply svstem. The slide gate is reported te be in working con-
dition (see Appendix C, Photo No. 12). The iavert of the pipe is about 22 ft, kelow
top of dike. In general the outlet facilities appear to be well maintained and in
good working order.

ot

v
L

7]

Qo p

d. Reservoir Area. The reservoir behind the dam and dike is an impoundmen
Lynde 3rook. The shoreline upstream of the dam and dike is in excellent condi-
n with no evidence of slides, movements or distress. A 24 in. dia. aqueduct
ries excess runofi Zrom the Kettle 3rook Reservcirs to Lynde Brook Reserwvoir.

n o

f
io
ar

{2

2. Downstr2am Channel. At the downscream 2nd of the spillwav chute and whers
the 5lowor? pipe headwall is located, there is heavy rock riprap. TFrom tals ooing
Lynde 3roox “lows through a steep narrow vallev section for about 2,800 ft. before
rezaching State Route 9. At Route 9 the valley widens and flattens, and there are

aumerous residential and commercial buildings in this area. About 500 ft. below
Route 9, Lwvnde Brook flows into Smiths Pond and Jam. Bevond Smiths Pond Lvnde Brao_
is xnown 2s Fettle 3rock and it follows a relativelwv narrow ravine for a distance o-
about 2,470 fr. 3Beyond this ooint the channel bhezins to widen and about 3 miles
jownstream of the dam it flows into Stoneville Pond (see Appendix D, Zrawingz D-200.

In zeneral, the visual inspection adequately revealed kev characteristics of the dam
h

15 “hev mav relate to its stabilitv and intesrity, permitting an assessment to de
made of those features affecting the safety of the structure. Minor seepage was
noted from two ar=as alongz tha deownstream toe o the dam. No seepage was ev ident
alon< the dewnstream slope of the dike. The crest and downstream siope o2f the dam

and Sike are well maintained. The outler facilities all appeared to Se in 200d work-
ing condition. Downstream conirol ol the outler gates is not advisable due to a

: . 3 1 = 1. waini galla
soatinuous head in the conduit beneath the embarkment. The spiliwayv training walls

are in gzood repair. The downstream :spillwayv discharge zhannel training w l S are
‘hw and mav He overtcpoed furing ceriods of hizh flow.  Tor thes  reasons the
2am and Dika were judged tc he in fair conditlon.
9
A P < s ISRNE NP S L., e

3
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SECTION 3 - VISUAL INSPECTICN

3.1 Findings

a. General. The visual inspection of Lynde Brook Reservoir Dam tcok place
on 16 April 1980. On that date the water level was just below the spillwav crest
and wave action was causing it to slightly lap over the crest. There was no evi-
dence of major problems, but there is minor seepage at two locations downstream
5L the dam. The dam and dike are judged to be in good phvsical cendition.

b. Dam. Lvnde Brook Reservoir, an impoundment of Lvnde 3rook, consists of
dam, dixe, spiliway and outlet facilities. It provides storage Sor excess run-
I Zrom other reservoirs and is operated bv its cwner, the Worcester Water Dept.,

in conjunction with these other reservoirs as a municipal water supplv facilityv.

a
2

~

The dam is5 an =2arth embankment with a masonrv core wall. It is abeout 200 f+:. longz,
33 £z. hizn and has a crest width of about 530 fz. The crest and 2's horizental to

1l vertical downstream slope are grass coversd and well maintained. The upstream
slcpe 1s of random rock riprap (see Appendix C, Photo Nos. 1 & 2). The left abutment
i35 a oromontory which appears to be man-made, between the dam and the dike located
east of the dam (see Appendix B, Sketch Plan pg. 3-1). The reservoir rim along the
left abutment is random rock riprap and the crest of the abutment is sodded. A paved
access road to reservoir outlet facilities is located across the crest of the abut-
ment about 300 ft. from the reserveir rim. At the downstream toe of the junction of

the dam and 12ft abutment there is a minor seep estimated to be about 0,1 gpm. This

seenage apparently passes under the access road, as there is a soft wet area to the

left of the roadwav (see Appendix C, Photo No. 7). There is another seepage area

at the downstraam toe of the dam about nid-dam and its flow is estimated to be less
1 zpm. 3oth s2eps are dischargzing clear colorless water (see Appendix C,

Photo YNos. 3 & A). In general the dam embankment is in zood conditiom.

Dike. The dike is also an earth embankment with a masoary core wall. It is

apout 1,730 fr. long, 1%4.3 ft. nigh and has a2 crest width of about 42 ft. The crest
and 1 2/3 horizontal to 1 vertical downstream slope are grass covered and well main-
tained. The upstreanm slope is of random rock riprap. At the time of the inspection
there was no avidence of seepage along the dike. 1In general the dike is in excellent

condition (see Appendix C, Photo Nos. 3 & 3).

.

.. Apourtenant Structures. The spillway for the facility is located at the
riznt abutment of the dam. The spillway has a net crest length of 28.8 ft. between
zrouted ashlar masonry training walls. An 8 in. high steel angle iron serves as

the fixed zrest. The cop of dam is 3.5 ft. above the spillway crest. The upstream
aoproach ipron is paved with concrete grouted riprap. The 7 horizontal to 1 vertical
downstreim spillwav channel converges from the 28.8 ft., wide spillwav crest to about

15 ft. ‘ust downstream of the crest. T+ has 2.5 ft. high mortared rubble masonry
training walls and is paved with concrete grouted riprap. At the end of the 343 ft.
long spillwav chute :there is heavy random rock riprap. The spiliway is in zenerally
zo0d conditiosn (see Appendix C, Photo Nos. 3, 9 & 10).

There are two outlet facilities Zor Lvnde Broox Reservoir. A submerged intake tower
L 1ted about 200 ft. left of the rizht abutment of the dam and about 50 ft. up-
the dam.

"1,
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2. Qesign Caca

The only lata rescovered concerning the design of the dam or aprurrtenanzes ara the
three plans Iound in Appendix B and a plan of the dam's outlet controls. & czopy
2f tais zlan is not included in this report, as the cnlwv known copv is securalvy
fastened o 2 wall inside the :shlorinating houss2 at the toe 27 the dam.

2.2 <Zonstraction Data
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Yo records or correspondence rOg rding past operation of the dam have been ra-
covered. The only known operatiag records appear to be these of the chiorinaring
process and the recording of water levels. These records are maintained on a
dailv basis and are stored in the Worcester City Hall.

N

-.+ zZvaluation of Data

a. Availabilitv, Since no engineering data is available, it is nact -ossible
Lo make an assessment of the safety of the dam. The basis of the information pre-

sented In this report is principallyv the visual observations of the inspecticn team.

5. Adequacv. The lack of in-depth engineering data did not allow
tive review. The ore, the adecuacy of this dam could not be assessed
n esizn and construction data, but is based primarily on visual in-

point orf reviewi
spection, »ast pe rmance nistory and sound engineering judgement.
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c. Validitv. Not applicable
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Height - 7.7 rt. 14.3 f«

Top Width - 39 fr. L2 fe,

Side Siopes - Downstream: 2k H Downstream: 1 272 4, to 1 V.

to 1 V. Upstream: Uaknown Upstream: CUnknrown

Zoning - Unknown Unknown

Impervious Core - Masonrv Core wall Masconry Core Wall

Cutoff - Unknown Unknown
Grout curtaia -~ Unxnown Unknown

Diversion and Regulatingz Tunnel - Yot Applicable

Spillwav

Type - Ashlar and rubble masonry with mortared joints, wastewav
Length of weir - 28.8 ft.

Crest elevation (with angle iron sill) - 824.0

Gates - Ncmne

U/S Channel - Reservoir

D/S Channel - Coaverging, 16 ft. wide rubble masonry, with mortared
joints wasteway

Regulating Outlets

Invert - Elev. 734.3

Size - 24 in. circular, leading to 438 in. square, leading to 40 in. circular

Description - 24 in. cast iron pipe, leading to 48 ia. sg. stcne box culvert,

leading to 40 in. cast iron pipe
Control Mecnanism - Hand operated 24 in. inline gate valve.

There are two 24 in. dia. pipes from the dam gate hcuse and a2 30 in. dia.
pipe from the dike gate house. All of these pipes feed into the closed

water supply svstem for the City and therefore could not be used as a means

of low level withdrawal.
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Recreation pool - Not Applicable

T eI TETTW TN T HYTTE VLAWY YOWNL,YTTTTTTTTTTTYTTTYTTwY Y T
T OETN AN ARmTETAEY AT Ak

AR AN

Full flood control pool - Not Applicable

Spillway crest - 8234.0

Design surcharge (Original Design) - Unknown

Top of dam - 827.35
Top of dike - 827.35

Test flood surcharge - 8283.28

Reservoir (Length in Feet)

-

Normal pool - 4,700

Flood control pool - Not Applicable
Spillway crest pool - 4,700

Top of dam - 5,000

Test flood pool - 5,020

Storage (acre-feet)

Normal pool - 2,300

Flood control pool - Not Applicable
Spillway crest pool - 2,300

Top of dam -~ 2,737

Test flood poocl - 2,379

Reservoir Surface (acres)

Normal pool - 124
Flood control pool - YNot Applicable
Spillwav crest 124

Top of dam - 138.5

Test flood pool - 14Z2.5
Dam

Tvpe - CZarth Till

Length - 300 ft.
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Dike
Earth Fill

1,050 tc.
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of other reservoirs, is locatad in a drainage area that is immediatelv west of
the Lvnde Brook Pond Dam drainage area and an aqueduct that drains toward Lwvnde e
Brock Reservoir connects the two reservoirs.

b. Discharge at Damsite -1

(1) OQutlet Works Conduit. Low level discharge from Lvnde 3Brook Reservoir
Dam is provided bv a 24 in. dia., outlet pipe which extends from inside the reser-

voir to a gate house located on an earth bench at the toe of the dam. Flows in .
the pipe are regulated by a 24 in. gate valve in the gate house. Just downstream
of the gate house the 24 in. dia. pipe makes a 90 degree bend to the left and a 3

snort distance from this point the 24 in. dia. line discharges into an old 48 1in. )
square stone box conduit, which in turn discharges into a 4C in. dia. cast iron

pipe emptying into Lvnde Brook at the toe of the dam. At the gate house, the -
invert of the discharge pipe is about 785(¥) ft. NGVD. The waste pipe would be g
capable of discharging about 61 cfs when the control valve was wide open and the )
reservoir water surface level was at the top of the dam. There are two other 24 )
in. dia. pipes and gate valves. These pipes however connect directiv into the e
2ity water supplv system and are not capable of low level withdrawal. -

“

(2) Maximum Known Flocd at Damsite. No records are available o7 rlood inflows 1
® inty Lvnde Brook Reservoir, nor of spillwayv releases and surcharge heads during such “3

T

inflows.

(3) Ungated Spillwav Capacity at Top of Dam. The ungated spillwav capacityv at
tep of dam. elevation 827.35, is 360 cfs.

(4) Ungated Spillway Capacitv at Test Flood Elevation. The ungated spillway
capacity is 830 cfs at test flood elevation 328.3.

djv“

(3) Gatad Spillway Capacitv at Normal Pool Elevation. Yot applicable. T

(n) Gated Spillwav Capacitv at Test Flood Elevation. Not applicaple.

ko

(7) Total Snillwav Capacitv at Test Flood Elevation. The total spillway capacity
ar test flood elevation 828.3 1is the same as (4) above, 830 cfis.

(3) Total Project Discharze at Top of Dam. The “»tal project discharze at togp .
of dam, elevation 827.35 ft., is 620 cfs.

[
(9) Total Project Discharge at Test Flood Elevation. The total project discharze |
at test flood is 4,330 cfs at elevation 328. 3. T
) 2. Zlevation (Ft. N.G.V.D.) <
o (1) Streambed at :oe of dam - 763.7+

(2) Bottom of cutoff - Unknown

(J) Maximum tailwater - Unknown
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30 and 70 homes, 6 commercial establishments, a school and a church would be
severelv flcoded bv the breach discharge. Depths of flooding would range -
hetween [ and 9 ft.

In accordance with the Recommended Guidelines for Safetv Inspection of Dams,
Lvade 3rook Reservoir has therefore been classified as having a high hazard
potential, since failure of either the dam or dike wou.d cause sericus damage

to homes, industriss, commercial establishments and highways, with the potential
for the loss c¢f more than a few lives.

e. Ownership. Lvnde Broox Reservoir Dam is owned bv the Citv of Worcescer, -

Mass. -

£. Operator. The operator of the dam is Mr. Ken Starbard, Suvperintendent, 2
Worcester water Dept., Worcester, Mass. Telephone (413)829-4811.

g. DPurpose of Dam. Lynde Brook Reservoir Dam is operated in conjunction with
other water storage facilities for providing municipal water supplies to the City of
Worcester.

hn. Design and Construction Historv. Lynde Brook Reservoir and Dam was con-
structed in 1874. A wood and earth dam said to have been constructed by local
Indians previously existad at the site and its submerged remnants are located just
upstream of the present dam.

The present dam was designed bv Wm. J. McAlpine, Consulting Engineer. Copies of
two of the original plans of the dam and dike can be found in Appendix B. There
is also a copy of a third plan dated 1897 showing a cross-section through the dike
and gate house. There also exists a plan of the outlet facilities of the dam,
downstream gate house and chlorination house piping system. This plan is securely
fastened to an inside wall of the chlorination house. A sketch copy of it is
included in Appendix B.

i. YNormal QOperating Procedure. There are no written operating procedures for
the facility. The reservoir is utilized as a storage facility for excess runoffs
from other reservoirs. It is connected to Kettle Brook Reservoir No. 1 immediately
upstream via a 24 in. dia. gravity feed conduit (see Location Map, page IV). The
only operating devices are the gates and valves associated with the zate house
structures. The grass on the crests and downstream slopes is cut periodically and
the spillway training walls and chute are repaired as necessary.

J'r"l
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1.3 Pertinent Data -

a. Drainage Area. The drainage area contributing to Lynde Brook Reservoir Lt
encompasses a total of about 2.80 sq. mi. (1,795 acres), of which 124 acres are .
occupied by the reservoir. The longest circuitous stream course leading to the
dam is about 3.71 miles long with an elevation difference of about 391 ft., or
at a slope of about 105 ft., per mile. The drainage area has a length of about
3.5 miles and has an average width of about 0.9 miles. The basin consists of both
open rfields and forested areas with housing developments located in the very upper
reaches of the drainage area. Southwick Pond is also situated in the upper reaches
of the drainage area and nearly all of the Worcester Municipal Airport is located
near the midpoint of the area. Kettle Brook Reservoir No. 1, the last in a series

PRy . . -
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o Lvnde 3rook Reservoir is connected to a series of other reservoirs via a 24 in.

- dia. aqueduct (see page IV). The facility is used to store excess runoif “rom g
; .
SN the other reservoirs. A
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(2) Description of East Dike. A 1,050 ft. long and about 14.3 ft. hizh
dike connects the left abutment of the dam with the northern reservoir rim. This
dixe has a crest width of about 42 ft. and a downstream slope of about 1 2/3
horizontal to 1 vertical, both of which are sodded. The upstream slope is of
random rock riprap. The drawings in Appendix B indicate that the dike has a
masonrv core wall, hcwever, the 2levaticn is unknown.

,
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(3) Spillway. The spillwayv for Lvynde 3rook Reserveir Dam is located at the
right abutment of the dam. [t has a crest length of 28.3 ft. between the zrouted
ashlar masonrv training walls. An 8 in. high steel angle iron serves as the fixed
crest. The top orf dam is 3.5 ft. 2bove the spillwav crest. 3oth the upstream g
apprecach channel and downstream discharge channel are paved with concrete grcuted
riprap. The downstream channel :onverges from about 23.8 ft. to about 16 ft. just
downstream of the crest. It has 2.5 ft. high rubble masonrv training walls and a ;
slope of 7 norizontal to 1 vertical. At the end of the 345 ft. long channel there
i3 heavy rock riprap.

o adid s Ny

(4) Ouctlets. There are two outlet facilities for Lynde Broox Reservoir. A X
submerged intaxe tower is located about 200 ft. lefr of the right abutment of the 4
dam and about 50 ft. upstream of the crest of the dam. The submerged intake tower
has three 24 in. dia. cast iron outlet pipes with the inverts located about 42 ft.
below the top of dam or about elevation 785(+). These three pipes are carried

under the dam iIn a stone box culver: and enter into a gate house located at the
downstream toe of the dam. The lev=l of the top of the inlet tower is unknown.

In the zate house there are manual gate valves and stems for contrelling outflows.
The rignt and center pipes provide water for the municipal water supply svstem and
cannot be used for reservoir drawdown. A chlorination house located about 75 fr.
downstream of the gate house provides chlorine treatment to the discharge from these
two outlet pipes. The left outler pipe is used as a mud pipe or blowoff pipe. It - .
outlets abcut 200 ft. downstream of the gate house through a rubble masonrv headwall.
All gates were reported to be in operating condition.

et hadan

Ll

A zate house is leocated about 180 ft. right of the lart abutment of the east dike

and is accessed by an approximately 35 fr. long catwalk from the crest of the dike. -
There is only one outlet from the gate house at the dike. A 30 in. dia. pipe -y
carries flows from the gate house under the dike into the municipal water supply
system. Outflows are controlled bv a manual slide gate reported to be in operating
- condition. The invert is estimated fo be at about 2levation 805 (¥). 1

c. Size Classification. Lvnde Brook Reservoir Dam has a hydraulic height of
about 58 ft. above downstream river level, and impounds a normal storage of about
2,300 acre-ft. to spillwav crest level and a maximum of about 2,737 acre-ft. to
:. top of dam. In accordance with the size and capacity criteria given in Recommended
Guidelines for Safetv Inspection of Dams, the project falls into the intermediate
category on the basis of neight and storage and is therefore classified accordinglv.

d. Hazard Classification. A breach failure analysis was perrformed in the i
event of either a dam or dike rfailure at Lvnde Brook Reservoir. In the initial P
. @ impact area below the dam it is estimated that about 20 homes, 7 commercial 4

establishments and 3 mill complexes would be severely flooded bv the breach dis-
charge. In the initial impact area below the dike it is estimated that between ]

-2~
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PHASE I INSPECTION REPORT
LYNDE BROOK RESERVOIR DA Ma 00999

SECTION 1 - PROJECT INFORMATION

1.1 General

a. Authoritv. Public Law 92-367, August 8, 1972, authorized the Secretary of
the Armyv, through the Corps of Engineers, to initiate a natiomal program of dam in-
spection throughout the United States. The New England Division of the Corps of
Engineers has been assigned the responsibilityv of supervising the inspection of dams
within the New England Region. Louis Berger & Associates, Inc. has been retained by
the New England Division to inspect and report on selected dams in the State of Mass-

achusetts. Authorization and notice to proceed was issued to Louis Berger & Associates,

Inc. under a letter of 28 March 1980 from William E. Hodgson, Jr., Colonel, Corps of
Engineers. Contract No. DACW33-80-C-0043 has been assigned by the Corps of Engineers
for this work.

b. Purpose of Inspection

(1) Perform technical inspection and evaluation of non-Federal dams to identify
conditions which threaten the public safety and thus permit correction in a timely
manner by non-Federal interests,

(2) Encourage and assist the States to initiate quickly effective dam safety
orograms for non-Federal dams.

(3) Update, verify and complete the National Iaventory of Dams.

1.2 Description of Project

a. Location. Lynde Brook Reservoir Dam is located in Worcester County in the
Town of Leicester in south-central Massachusetts. The reservoir is situated on Lynde
Brook approximately 0.7 miles above Smiths Pond. Trrom this pond issues Kettle Brook,
winich joins the Middle Blackstone River at a point about 6.8 miles below the dam. The
dam is shown on U.S5.G.S. Quadrangle, Worcester North, Massachusetts, with coordinates
approximately at ¥ 420 13" 07", w 719 352' 24",

b. Description of Dam and Appurtenances.

(1) Description of Dam. Lyvnde Brook Reservoir Dam is an earth embankment
about 538 ft. nigh and about 300 ft. long with a masonry core wall. The elevatiocn
at the top of the core wall is unknown. The dam was constructed in 1376. The
dam has a crest width of about 30 ft. and a downstream slope of about 2% hori-
zontal to 1 vertical. Both the crest and downstream slope are sodded. The
upstream slope is of random rock riprap.

The left abutment of the dam is a promontory, which appears to be man-made, be-
tween the dam and a dixe located =2ast of the dam. The reservoir rim along the left
ibutment is random rock riprap and the crest of the abutment is scdded. A paved
dccess road to the reservoir outlet facilities below the main dam i3 located across
the crest of the aputment about 300 It., from the reservoir rim.
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SSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

Dam Assessment

a. Condition

b. Adequacy of Information
c. Urgency

Reccommendations

Remedial Measures

a. Operation and Maintenance Procedures

Alternatives

APPENDIXES
A - INSPECTION CHECKLIST
3 - ENGINEERING DATA
C - PHOTOGRAPHS
D - HYDROLOGIC AND HYDRAULIC COMPUTATICNS

INFORMATION AS CONTAINED IN THE NATIONAL
INVENTORY OF DAMS
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charze tables and curves Ior the spillwav and for over the tog
n eets P-4 and 2-3, Appendix D. The discharge from the 24 in. dia. low
evel cutlet has been neglected.

Tlocd routings were performed for both the test flood and 2 PMF. Resulzs of
routings are shown on Sheets D-9 thru D-11, Appendix D, and are summarized as

Qouted Maximum Max. Head Routed
Flood Test Flcod Res. E1. Over Main Test Flood
Magnituds Inflow cfs £t. NCVD Dam ZIt. Qutflow cfs
PMF
(Test Flood) 4,970 828.3 1.0 4,350
s PMF 2,485 827.9 3.6 2,100

from the above table, it can be seen that the project will not pass the routed
test Ilood outflow without overtopping the dam bv 1 ft. The project can handle
about 13 percent c¢f the routed test flood ocutflow without overtepping the dam.

3.5 Dam Failure Analvsis

A breach from overtopping or due to structural failure of either the mein dam or
dike is a possibilicv., For this analvsis a breach of each structure was
considered separatelv as the breach ocutfilows from the structures would initially
Zcllow different water cocurses. The "rule of thumb" method was used as a guide
in computing the breach cutilows.

Dam Failure. A breach width of 38 percent of the dem length was assumed
fcr this analysis and a failure height from the bench at the toe of the embankment
to the top of dam was assumed =qual to 31 ft. Using these dimensions an outflow

of about 33,000 cfs, which includes about 500 cfs from the spillway, would be
realized. (see Sheers D-12 thru D-183, Appendix ).

Discharges frcom the breach would flow down Lvnde 3rook, thence to Kettle Brook.
There are no structures in close proximityv to Lynde Brook until the »rook

reaches State Route 2 abcut 2,800 ft. below the dam. Hcwever, because of the

high breach discharge and small amount of valley storage between the dam and

State Route 9, it is considered that severe flooding of commercial establishments
and houses will take place in the vicinity of State Route 9. It is estimated

thar the discharge in this vicinity will be about 47,000 cfs and that the structures
will be flooded to depths varying from 1 te 9 ft. About 13 houses and 7 commercial
establishements would be flooded ia this area. At this locatien, the culvert
passing under State Route 9 is relatively small and it is estimated that State
Rouce 9 would be overtopped bv the spillwayv discharge alcone, but nc significant
Zlooding of structures would prcbablv take place under the spilliway rfull flow
condition. About ACO fr. Helow State Route 9 Lvnde RBrook empties into Smiths

Pond where it is estimated that there will be flooding of at least Iive homes

and a mill locazed anear the outlet of the pond. The depth of flooding around

the structuraes in this area is estimated to be between 3 and 7 ft. and that no
flooding ci these structures would occur under the spillway full conditizns.
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s Pond the water course is known as Kettle Brock, which follows a
arrow ravine fcr a distance of about 2,400 ft. to another dam which
mil

Bevond 3mith
n .
1 complex. It is estimated that the discharge in the brook at

relativ

.

o
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this point will e abcour 31,900 cfs, and that the brook will rise abcut 17 It.
because cof the breach, severlv ¢looding the adfacent fill. An inspection of the

waterway opening under Strafford Street, located about 2.1 miles below Lvnde
Brock Reservoir Dam, indicated that the capacitv of the waterwav is adequate fo
convey the spillwayv rfull discharge, but inadequate to handle the breach dischargze.
The street as well as a mill complex lccated south of Straiford Street will be

significantly flooded. James Street, located about 2,000 f£t,further downstream,

will also de Zlcoded and cthree houses near the brook in this area will probably

sustain damagze. Bevend James Street, the brook empties inte Stemeville Pond
whare the flood wave shculd be siznificantly reduced.

Dike Failure. Tor this failure analvsis a breach width of 20 percent of the
dike's length at mid-height was used equal to 130 ft. The neight of the breach was
assumed from the toe of the dike to the top of the embankment a distance of apout
14 ft. Using these dimensions an outflow of aboutr 11,300 cfs would be realized.
(See 3heets D-21 thru D-25, Apvendix D).

Dlscha* ges from the breach would flow dewn an unnamed water course for a distance
of about 7,000 ft. until reaching an underground conduit which has twin barrels
about 2.5 ft. high and 3 ft. The conduit would not be adequate to handle the
breach discharze and it is estimated that about 9,200 cfs would spill across
State Route 9, down over a steep embankment and into a large residential area.
The outfleow would then cross Stafford Avenue and return to Kettle Brook to the
same damage reach as described under the dam failure analysis.

About 2,3C0 ft. below the dike there are about 4 homes in the Cherry Valley
section of Leicester that would sustain flooding due to the breach. It is
estimated that the depth of flooding in this area wculd be between 2 and 6 ft.
In the area of State Route 9 and the area between State Route 9 and Stafford
Avenue, it is estimated that from 50 to 70 homes, 6 commercial establishments,
a school and a church would be flooded to depths ranging between 1 and 9 ft.

In summary, in the initial impact areas described above there is considerable
urban development and more than a small number of habitable structures which

would be flooded by a breach of either the dam or dike at Lyande 3rook Reservoir.

It is estimated that economic losses due to a breach would be excessive. There
is also the potential for the loss of more than a few lives. Sheet D-26, Appendix D
shows the area of potential flooding.
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SECTION 6 - ZVALUATION OF STRUCTURAL STABILITY

6.. Visual Observaticns

There are no desizn calculations, as-built drawings or other data which would permit
the preparation of structural stabilitv computaticns. The dam is now stable
in good cendition. The only deficiency that should be monitored is the minor sezapaze

in two locations at the downstream toe of the dam.

5.2 Design and Construcrtion Data

No olan or calculations of wvalue to a stabilitv assessment ar2 available.

5.3 Post-Construction Changes

There are no record
1z

of any post-cons
w~wayv that are of si <

STy
icance to the stabilicv of the facility,

€2}

6.4 elsmic Stability

and
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uction changes made to the dam, dike or spill-

The dam is locatad in Seismic Zone No. 2 and in accordance with recommended Phase I

zuidelines, does not warrant seismic analvsis.
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SECTION 7

ASSESSMENT, RECOMMENDATIONS AND REMEDIAL MEASURES

7.1 Dam Assessment

a. Ccndition. On the basis 2f the Phase I visual examination, Lwvnde Brook
Reservoir Dam and Dike appear to be in good conditicm. Structurally, however the
overall rating must be fair due to spillway inadequacv. The deficiencies revealed
indicate that a further investigation should be carried out and that some remedial
work is needed. The major concerns of the overall integritv of the dam are as
follows:

(1) The spillwayv can onlv pass 13 percent of the routed test flood outflow.
(2) There is minor seepage at locations along the downstream toe of the dam.

(3) The control of the outlet facilities downstream of the embankment
results in the conduit being under coatinuous head.

b. Adequacy of Information. The lack of in-depth engineering data did not
allow for a definitive review. Therefore, the adequacy of this dam could not be
assessed from the standpoint of reviewing design and construction data, but is
based primarily on visual inspection, past performance history and sound engineering
judgement. |

c¢. Urgency. The recommendations and remedial measures enumerated below
should be implemented by the owner within one year after receipt of this Phase I
Inspection Report.

7.2 Recommendations

It is recommended that the owner should retain the services of a registered
professional engineer experienced in the design of earthdams to make investigations
and studies of the following, and if proved necessary, to design appropriate remedial
werks.

(1) Make a detailed hydrologic-hydraulic investigation to access further
the potential for overtopping and the adequacy of the spillway.

(2) Make a yearly evaluation of the seepage at the downstream toe of the dam.

(3) Perform a detailed analysis to provide means of positive closurs on
upstream end of conduit.

(4) 1Investigate whether spillway discharge channel modifications are
required to forestall possible overtopping of the walls.

7.3 Remedial Measures

a. Operating and Maintenance Prccedures

(1) Develop a formal surveillance and downstream emergencv warning plan,
incliuding rcund-the-clock monitcoring during periods of heavy precipitation.
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L. (2) Institute procedures for an annual periodic technical inspection of the

& dam and dike and its appurtenant structures, including the minor seepage.

pt (3) Prepare a copv of the dam outle:t control plan. -

K ' -

s 7.4 Alcernatives

: - . . .

s There appear to he no feasible alternatives to the above reccmmendations.
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VISUAL INSPE
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TLoN CHECHLIST

PARTY QROTANIZATION

220JECT LiNDE BROOK RESERVOIR DaM

DAT 4/16/80

2]

TR T T A T WL T TN Y W N W

TIME 9:30 a.m.

WEATHER Cloudy

W.S. ELEV,

824.0 vy.s.

NA DN.S

.

INSPECTION PARTY

OWNER: CITY OF WORCESTER
DIRTY : - e .
AR A/E REPRESENTATIVE

1 2zter B. 2vson

2 Pasquale E. Corsertci
3, Roger ¥. 3erry

4, Carl J. Hoffman

5. William S. Zoino

PROJECT FEATURE

1 Hydrologic

OWNER'S REPRESENTATIVES

1. Mike Pascal

[BS]
.

Ed Foisy

INSPECTED BY

Roger F. Berry

2. Hvdraulics/Structures

Carl J. Hoffman

3. Soils & eologv

wWilliam S. Zoino

4. General Features Peter Bv Dvson L3A
5, General reatures Pasgquaie E. Corsetti L3A
. b.
7. —_
8. - _
ER o R _ e
0. e
L3A - Louis 3erzer & Assoclates, Ing.
G2A = Goldberz-Zoino ¥ Associat lnc,
]
. a-1
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PERIODIC INSPECTICN CHECKLIST

PROJECT LYNDE 3ROCK RESERVOIR DaM DATE 4/15,/80
PROJECT FEATURE ZARTH ZMBANKENT NAME
DISCIPLINE GEOTECHNICAL NAME W. ZOINO
AREA EVALUATED CONDITIONS
DAM EMBANKMENT SCUTH DAM
Crest Elevaticn 327.5
Current Pool Elevation 824.0
Maximum Impoundment to Date Unknown
Surface Cracks None
Pavement Condition N/A
Movement or Settlement of Crest None
Lateral Movement None
Vertical Alginment Good
Horizontal Alignment Good
Condition at Abutment and at Good
Concrete Structures
Indications of Movement of None
Structural Items on Slopes
Trespassing on Slopes None
Slougning or Erosion of Slopes None

or Abutments

Rock Slope Protection -
Riprap Failures

Unusual Movement or Cracking
at or near Tces

Uausual EZmbanxkment or
Downstream Seepage

Piping or 3oils
Foundation Drainage Features
Toe Drains

Instrumentation Syvstem

Good condition

None

2 minor seeps less than J.1 zpm
at toe

None

None evident

It
-
jas
1S
o]
r

None

None 2vident

P T T

AR I |




PERIODIC INSPECTION CHECKLIST

PROJECT LYXNDE BROOX RESERVOIR DaM DATE 4./18/730
PROJECT FEATURE  EARTH EMBANKMENT NAME W. Zoino
l DISCIPLIN GEOTECHNICAL NAME
AREA EVALUATED EONDITIONS

[} DIKE EMBANKMENT ZAST DIKE

Crest Elevation 827.35

Current Pool Elevation 324.9

Maximum Izpoundment to Date Unknown

Surface Cracks None

Pavemeat Condition N/A
: Movenent or Settlement of Crest None

Lateral Movement None

Vertical Alignment Good
l Horizontal Alignment Good

Condition at Abutment and at Good

Concrete Structures
. Indications of Movement of None

Structural Items on Slopes

Trespassing on Slopes None

Sloughing or Erosion of Slopes None

or Abutments

Rock Slop Protection - Small sized 6'"-12", but in good condition.

Riprap Failures

Unusual Movement or Cracking None

at or near Toes

None

Unuesual Zmbankment or
Downstream Seepage

i »n \] od =
Piping or Boils None evident

- - AN avrd
Foundation Drainage Features None evident

Toe Drains None 2vident

, - cider
Instrumentation Sysiem Jone evident
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LI N ACUA AR S e AL i

PROCECT LYNCZE 3ROCK RESERVOIR DAM DATE 4/18/830
» PROSECT TEZATURE QUTLET CONTROL STRUCTURIS  NAME
A
DISCIPLINE STRUCTURAL NAME C. HOFFPMAN
AREA EVALUATE! CONDITIONS
’ JUTLEZT WGORKS - CONTROL TOWER CONTROL HOUSE AT CONTRCL TOWER
| m TOE OF SO. DAM AT EAST DIXKE
a. Concrete and Structural
General Condition Goed Good
Conditicn of Joints Gocd Good
Spalling None None
Visibie Reiniorcing None None
. Rustineg or Staning of Concrete None \one
Any Seepage or Efflorescence MNone \one
Joint Alignment Good Good
. Unusual Seepage or Leaks in None evident Unknown
- Gate Chamber
Cracks None None
Rusting or Corrcsion of Steel Minor on gate stems None
. 5 Machanical and Electrical N/A N/A
Air Venrts
Float wells
* Crane Hoist
Zlevater
Hvdraulic Svsten
Service Zates
Zmergency Gates
Lizhting PryZ=zcrticon Svystenm
Zmerzency Power Svsten
wirinz and Ligating Svstem in
Gate Chamber
RESA
- - Lo L N " N .

_v;'";,:‘




ICN CHECKLIST

F20JECT LYNDE BROOX RESEIVOIR DAM DATE </16,8)
PROJECT FEATURE Spillway NAME
DISCIPLINE tructures NAME C. Hoftfman
AREA EVALUATED CONDITIONS
QUTLET WORKS - SPILLWAY WEZIR, APPROACH
AND DISCHARGE CEANNELS
a. Approach Channel
General Corndition Good
Loose Rock Overhanging Channel None
Trees Overhanging Channel None
Floor of Approach Channel Paved
b. Weir and Training Walls
General Condition of Concrete Good
Rust or S:taining Minor
Spalling None
Any Visible Reinforcing None
Any Seepage or Efflorescence Minor
Drain Holes N/A
¢. Discharge Channel
General Condition Good
Loose Rock Overhanging Charnel None
Trees “verhanging Channel None
Flocr cf Channel Paved
Ctner Cbstructions None
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PERIODIC INSPECTION CHECKLIST

DAM DATE

PROJECT FEATLRZ NAME
DISCIPLINE NAME

CONDITIONS

Jurlet Worxs - Tnrake Channel and Intake Structure N/A

Jutiat Works - Transition & Conduit N/A

Juti2t Works - dutlet Structures and Qutlet Channel N/A

Jutler works - Service 3ridze N/A
A=h

ket

PV T

J.L.'A.'
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APPENDIX B

ENGINEERING DATA
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COUNTY OF WORCESTER MASSACHUSETTS
COUNTY ENGINEER

Inspection of Dams, Reservoir Dams, and Reservoirs,

Inspected by X.. M. Finlayscn Date..4-15-37 ... Dam Na..29=23 . . ..

...................................... A I R L L L T TR

Town........ Leicester Loeation... LYNAS Brook Res. e

MAtErIBl ANA T TP oottt e e ettt e re ettt et st et e e et eee e et a e neeecatae e seebantasetasasraenersnreraren

Dam Designed by.........coooiiiiviieicceirnennneneeeeenConstrueted by. Year........coeierveceeenennnnes
SPILLWAY—Length.............. Feet. Depth.............Feet

El top Abutment................. ElL Crest.........ccoooeeevnnnnn. El Apron........................EL. Streambed...............c.ooviiiiinnnnee
Width top Abutment............... Width top Crest.................... Width bottom SPIUWAY....ccooiviiiriiericeereeer e crirmen ene
Width Flashboards carried...............cococcuvvcevenrnne. Kind FlashbDoards. ..ot s nvs st ae s
El Flowline Cleanout Pipe.........c.cccoovooiviicieiineee. Size and Kind Cleanout Pipe..........cccoco it veeeerae
Kind of Foundation Under Spillmay oo ettt e e e een e stna e trsesneetaensenananen eresans
Condition ... B et et et et ettt et er et s e esren st

..........................................................................................................................................................................................................

OB IOM . . e e ettt Ave. Head ... )

Evidence of Leaks In Sttt . oottt e eee e ot aa e et e e e e e

Recent Repairs and Date .. ..o e et ST
Topography of Country below DRIt ettt et s et st ets s anecn e naen

Discharge in 3econd Feet per SQUATE Mle ..o ettt ee e et s ettt e e ie et

Fatimated Storage MILon Cubic Feebu. . et et eeeta e tina e et bersn e s st e e
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COUNTY OF WORCESTER MASSACHUSETTS
COUNTY ENGINEER

Inspection of Dams, Reservoir Dams, and Reservoirs.

Inspected by ~C.=. ~.72048s2=Laingl2y.  Date Movwol9,1029 , Dam No.... . 25=25. ...
Town.. ... 1> SBY e LOCRYION ... . o e e
OWDE.. ... i e e U8 oo e e,
Material AR TYPe. .o oo i e e e e e et e ees et eaan e,
Dam Designed by...........c.ocoooiviiiieeieeee, Constructed by............ccooovoieie Year

SPILLWAY

El top Abutment.............. EL Crest.......cccocovriiin. ElL Apron.........ocoo El Streambed...............cocco e,
Width top Abutment.................... Width top Crest.................... Width bottom Spillway ...
Width Flashboards carried............c..coocciiiiniinn Kind Flashboards.................coco e
ElL Flowline Cleanout Pipe............cooovnviiin Size and Kind Cleanout Pipe. ... ...,
Kind of Foundation under Spillway ..o e et
Condition................... QK,..enzepk. ahuiment wells willl have o ha rebulli.acct frost

action ctc=t0 pe “done 19‘0

EMBANKMENT
EL Top .o El Natural Ground. . ... ... Width TOP.o oo
Width of Bottom. ..o Upstream Slope..........ccoooooiiein. Downstream Slope ..o oo
Kind of Corewall.. ... e Riprap ..o
Material in Embankment... ... Foundation. ...
Condition... ... et oot v sess e eS8 e s e ettt er et e
GATES et Location.. ...
SiBe. e Kind.....ooooo El Flowline. ...,
Condition . ................ oo e e oo e s oo ses et et e e
WHEEL.. .. ... Kind..........oooev e Size. . i, Rated H. Po..oooooov i
Location . ... e Ave. Head ...
Evidence of Leaks im SErUCtUIe ..o o e e
Recent Repairsand Date........cco.ooiieiciinn, e E e Lt e e et et e
Topography of Country below Dam ..o T e,
Nature of Buildings and Roads below Dam ...t
Number Acres in Pond...... ... U UURTO Drainage Area in Square Miles oo,
Discharge in Second Feet per Square Mile . . e
Estimated 3torage Million Cubic Feet ‘ e
-
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